Clinically important strains of Clostridium difficile that do not produce toxin A but produce toxin B and are cytotoxic (A(-)/B(+)) have been reported from multiple countries. In order to compare the relatedness of these strains, we typed 23 A(-)/B(+) C. difficile isolates from the United Kingdom (6 isolates), Belgium (11 isolates), and the United States (6 isolates) by three well-described typing methods. Restriction endonuclease analysis (REA), PCR ribotyping, and serogrouping differentiated 11, 4, and 3 different strain types, respectively. Twenty-one of the 23 A(-)/B(+) variants had a 1.8-kb truncation of the toxin A gene characteristic of toxinotype VIII strains; 20 of the 21 toxinotype VIII-like strains were PCR type 17. PCR type 17 isolates could be differentiated into two separate strain groups by serogrouping and by REA. REA further discriminated these isolates into eight subgroups (REA types). PCR type 17-serogroup F-REA group CF isolates were recovered from all three count... 
Pathogenic strains of Clostridium difficile typically produce two high-molecular-weight toxins that share a considerable degree of homology and function but vary in respect to target cell specificity. Toxin A, the enterotoxin, causes fluid secretion in the ileal loop assay, and toxin B is a potent cytotoxin to many different eukaryotic cell lines (15, 16) . C. difficile strains that do not produce toxin A have been recovered from patients in countries on at least four continents (1, 2, 5, 9, 11-14, 19, 21, 25) . Moreover, many clinical laboratories utilize an enzyme immunoassay for toxin A as the only test for the diagnosis of C. difficile disease and are not able to detect these strains (11) .
Although initially thought to be nonpathogenic, toxin A-negative, toxin B-positive (A Ϫ /B ϩ ) strains have been recovered from numerous patients with classic manifestations of C. difficile disease (2, 11, 12, 14, 19, 25) and have been responsible for outbreaks of diarrhea and colitis in hospitals in Canada and The Netherlands (1, 13) . Different typing systems have been used to characterize these A Ϫ /B ϩ C. difficile variants, and their relatedness is unclear. This study compares A Ϫ /B ϩ C. difficile strains from isolate collections in the United Kingdom, Belgium, and the United States by three well-described typing methods: PCR ribotyping, serogrouping, and restriction endonuclease analysis (REA).
MATERIALS AND METHODS

Bacterial isolates. C. difficile isolates identified as A
Ϫ /B ϩ from three large clinical-isolate collections were sent in a blinded fashion for typing analysis to laboratories in Cardiff, Wales, United Kingdom (PCR ribotyping analysis); Brussels, Belgium (serogrouping analysis); and Chicago, Ill. (REA typing analysis). All A Ϫ /B ϩ isolates from each collection that differed by internal typing methods or epidemiologic origin were included. All of the toxin variant C. difficile isolates (referred to as A Ϫ /B ϩ ) in this study tested negative in vitro by toxin A immunoassay and positive by cell cytotoxicity testing. Isolates 1 to 6 were submitted by the United Kingdom laboratory, isolates 7 to 17 were submitted by the Belgian laboratory, and isolates 18 to 23 were submitted by the U.S. laboratory. The origin and clinical data for each isolate are listed in Table 1 .
PCR ribotyping method (United Kingdom laboratory). DNA was isolated from C. difficile isolates as previously described (20) . The template DNA was then amplified with primers complementary to the 3Ј end of the 16S rRNA gene and the 5Ј end of the 23S rRNA gene. The amplified products were separated by electrophoresis in 3% agarose gels and visualized by ethidium bromide staining. The patterns of the amplified 16S-23S rRNA spacer regions were analyzed with GelCompar software (version 4.1; Applied Maths, Kortrijk, Belgium).
Serogrouping method. (Belgian laboratory). Serogrouping was performed by slide agglutination with rabbit antisera followed by polyacrylamide gel electrophoresis of whole-cell proteins (7) .
REA typing method (U.S. laboratory). Total cellular DNA was isolated from C. difficile isolates as previously described (6) . The DNA was digested with HindIII restriction enzyme, and the fragments were separated on a 0.7% agarose gel. The patterns of each isolate were visually compared to the restriction patterns of the previously identified REA types in our clinical collection. New isolates which showed Յ6 band differences (similarity index, Ͼ90%) from an established REA type were placed within the same group (letter designation) as the REA type. An isolate restriction pattern was required to be identical to a pattern on file to be given the same type number; a single-band difference resulted in a different type designation.
PCR-restriction fragment length polymorphism (RFLP) analysis. In order to characterize the genetic variations of these isolates and to relate these variations to previously described variants, the genes for toxin A and toxin B were amplified and the resultant products were digested with restriction enzymes. The standard toxigenic C. difficile strain VPI 10463 and the nontoxigenic REA type M3 (isolate 1413) were chosen as the positive and negative control, respectively. Oligonucleotide primers were designed based on the published sequence of the VPI 10463 pathogenicity region (EMBL database accession no. X92982). Primers B-u1-b and 3pB-D bracketed the entire toxin B gene (tcdB), and primers ACU-2 and PL-d bracketed the region from tcdA through tcdC. The sequences and locations of primers B-u1-b, 3pB-D, and ACU-2 have been previously described (25) . PL-d was designed as a downstream primer for the tcdA-tcdC amplicon and starts at base pair position 22,121 of the pathogenicity region as defined by Hundsberger et al. (10) with the following DNA sequence: CCACTTTAATTT TTCTGGTTCTG. DNA was isolated for PCR as previously described (6) and then amplified in the eLONGase system (Gibco-BRL Life Technologies, Grand Island, N.Y.) according to the manufacturer's directions. Each PCR included 1 U of eLONGase enzyme; deoxynucleoside triphosphates, each at a concentration of 200 M; reaction buffer B at a final concentration of 20% and MgSO 4 at 2.0 mM; 63 ng of each primer; and 200 ng of template DNA. The amplification cycles included denaturation at 94°C for 20 s, annealing at 52°C for 50 s, and extension at 68°C for 1 min per kb of amplicon for a total of 30 cycles. The amplified products were separated by electrophoresis on a 0.8% agarose gel and visualized by ethidium bromide staining. The amplified products were also analyzed by restriction enzyme gel electrophoresis using PstI and HincII, respectively, for tcdA and tcdB amplified products.
RESULTS
Typing comparison. REA was the most discriminatory typing method for the A Ϫ /B ϩ C. difficile variants (Table 1 and Fig.  1 ). Among the 23 isolates, REA distinguished 11 REA types, whereas PCR ribotyping and serogrouping distinguished 4 and 3 unique types, respectively. PCR ribotyping analysis correlated most closely with the toxin gene analysis. Twenty of the 21 isolates with the 1.8-kb tcdA deletion (see below) were PCR type 17. Two main groupings of PCR type 17 isolates were distinguished by serogrouping and by REA; serogroup F-REA group CF and serogroup X-REA group CG. PCR type 17-serogroup F-REA group CF isolates were recovered from all three countries, whereas the PCR type 17-serogroup X-REA group CG isolates were only found in the Belgian collection.
One isolate (study isolate 5) was distinguished by PCR ribotyping as PCR type 47 yet was also identified as serogroup F and REA type CF4. Study isolate 3 was identified as PCR type 110 and serogroup X but had an REA profile unrelated to any previously characterized REA group in the U.S. collection, and it was subsequently placed in a new REA group and called REA type DA1. Study isolate 4 is the previously characterized toxin variant strain 8864 (3, 17, 27) , and this isolate was unique by all three typing methods; it is now designated PCR type 36-serogroup A-REA type CY1.
Serogroups and REA groups correlated closely. All serogroup F strains were REA group CF, and all serogroup X strains except one (study isolate 3) were REA group CG. REA, however, was able to distinguish unique strain patterns (REA types) within each of these groups: six REA CF types and two CG types (Fig. 2) . REA type CF4 isolates were recovered from patients in the United Kingdom and the United States. Three previously unrecognized REA type patterns were identified and designated REA types CF5, CF6, and CG3. The clinical characteristics of the patients infected with A Ϫ /B ϩ strains were not similar among the three isolate collections. Nine of the 10 isolates in the United Kingdom and the United States collections for which clinical information was available were recovered from adults with C. difficile-associated disease (CDAD). In contrast, 10 of the 11 isolates from the Belgian collection were recovered from asymptomatic children or infants.
PCR-RFLP analysis. Amplification of the tcdA-tcdC region of all the variant isolates, with one exception (22 of 23), showed tcdA-tcdC amplified products smaller than the tcdAtcdC amplified product from the standard toxigenic strain VPI 10463 (Fig. 3A) . Twenty-one of the 23 study isolates exhibited a tcdA-tcdC amplified product which was ϳ1.8 kb smaller. One of these isolates (study isolate 20; strain 5340) was previously shown to have a 1,821-bp truncation of the tcdA gene (25) , which is characteristic of toxinotype VIII variants (23) . Study isolate 4 (strain 8864; PCR type 36; REA type CY1) had an even smaller tcdA-tcdC amplified product (Fig. 3A) , consistent with the previous characterization of this strain, which has a larger, 6.0-kb tcdA deletion (3, 17, 26) . Study isolate 3 (PCR type 110; serogroup X; REA type DA1), however, had a tcdAtcdC gene region of the same size as that of the standard toxigenic strain VPI 10463 (Fig. 3A) . The restriction pattern of the tcdA-tcdC product after digestion with PstI offered no further discrimination among the variant strains (Fig. 3C) .
Amplification of the tcdB gene in all variant isolates showed no size difference compared with the tcdB gene of the standard toxigenic strain VPI 10463 (Fig. 3B) . However, digestion of the tcdB product with HincII revealed different restriction fragment patterns. Whereas HincII digestion of the tcdB product from strain VPI 10463 produced four fragment bands after gel electrophoresis, only two fragment bands were produced in the 21 strains that were also shown to have the 1.8-kb tcdA deletion (Fig. 3D) . The HincII restriction fragment pattern of the tcdB product from study isolate 4 (strain 8864) produced three fragment bands, whereas the pattern from study isolate 3 (PCR type 110-serogroup X-REA type DA1) was identical to that of the standard toxigenic strain VPI 10463 (Fig. 3D) .
Because study isolate 3 was identical to the standard toxigenic strain VPI 10463 by PCR-RFLP analysis, the isolate was retested for toxin A production and cytotoxicity in vitro. Supernatant from a trypticase soy broth medium culture of study isolate 3 was negative by toxin A enzyme immunoassay (Tox-A Test; TechLab, Blacksburg, Va.), with an optical density of 0.084 compared to optical densities of 1.512 and 0.069 for the positive and negative controls, respectively. The supernatant from this isolate was cytotoxic in a human fibroblast cell culture assay (C. difficile cytotoxicity assay kit; Bartels, Inc., Issaquah, Wash.), with a typical spindle-shaped cytopathic effect.
DISCUSSION
A
Ϫ /B ϩ C. difficile variant isolates have now been reported from countries in Europe (2, 5, 9, 13, 21), Asia (12), North America (1, 11, 14, 19, 25) , and South America (M. C. Legaria, G. Lumelsky, S. Rosetti, J. S. Brazier, and M. Gal, Abstr. Anaerobe Olympiad 2002: Anaerobe Society of the Americas, abstr. PII-35, 2002 ). This comparison, using three of the most established typing methods for C. difficile, documents a high degree of similarity among A Ϫ /B ϩ isolates from Europe and the United States. The majority of variant isolates were PCR type 17, serogroup F, and REA group CF, and these strains were found in the United States, Belgium, and the United Kingdom. The toxin gene variations of these strains were characterized by a 1.8-kb truncation in the 3Ј end of the toxin A gene (tcdA) and an altered PstI restriction pattern of the tcdA amplified product compared with the standard toxigenic strain VPI 10463. Although the size of the toxin B gene (tcdB) was unaltered, the HincII restriction pattern of the tcdB amplified product differed from that of the standard toxigenic strain. These toxin gene variations are consistent with the toxinotype VIII pattern described by Rupnik et al. (23) .
All but one of the 21 toxinotype VIII pattern variants were PCR ribotype 17, confirming the findings of a previous study comparing PCR ribotyping with toxinotyping (24) . Serogrouping and REA typing analyses were able to discriminate two separate groups of strains within this toxinotype pattern: serogroup F-REA group CF and serogroup X-REA group CG. Using different typing methods, Wozniak et al. also demonstrated the genetic relatedness of serogroups F and X and suggested that strains belonging to these two groups represented two evolutionary branches from a common ancestor with the same toxinotype VIII variation (28) . REA was able to further discriminate subgroups (REA types) within both of these groupings. PCR 17-serogroup F-REA group CF isolates could be differentiated into six different REA types, CF1 to CF6. One specific REA type, CF4, was recovered from patients with C. difficile disease in the United States and the United Kingdom. Within North America, REA type CF4 isolates have been recovered from patients in Minnesota (this study), Chicago, Ill. (11) , and California and Winnipeg, Canada (unpublished data). The wide geographic distribution of A Ϫ /B ϩ C. difficile variants in general, and REA type CF4 strains in particular, suggests that the evolutionary changes resulting in these variants were not recent events.
Two additional A Ϫ /B ϩ genetic variants were characterized in this study. Strain 8864 is a unique toxin-negative variant with a larger tcdA deletion of 6.0 kb, but it has been recovered from only one clinical specimen and its clinical significance is un- clear (3, 17, 27 (1, 13) . Preliminary REA typing results in our laboratory indicate that an REA group CF strain was involved in both of these outbreaks (unpublished data). Clinicians and laboratories should be aware of the widespread distribution of the toxin variant strain PCR type 17-serogroup F-REA type CF4 and similar strains that are not detected by toxin A immunoassays yet cause typical CDAD syndromes, including pseudomembranous colitis.
